Introduction
The sulfonylurea and imidazolinone herbicides are highly active and have a broad spectrum of weed control. Sulfonylureas, for example, have use rates as low as 2 g/ha [1] , an astonishingly low rate when com pared with conventional herbicides. A lthough chemically dissimilar, both herbicide groups have the same mode of action. Sulfonyl ureas and imidazolinones block the activity of acetolactate synthase (ALS), an enzyme which is nec essary for the synthesis of three essential amino acids, valine, leucine, and isoleucine. Consequent ly, protein synthesis, so necessary for plant growth, is eventually terminated and the treated plant dies. Thus a compound that would provide a safening influence on these herbicides would be most valuable.
A m oderate am ount of study has been done concerning the influence of safeners on the herbicidal activity of sulfonylurea herbicides. Parker et al. [2] were the first to observe a safening effect on a sulfonylurea herbicide when they were able to show that naphthalic anhydride (naphthalene-1,8-dicarboxylic acid anhydride) could partially pro tect corn (Zea mays L.) from chlorsulfuron [3] [4] [5] [6] [7] , In addition, Hatzios [4] found that the oxime safeners, cyometrinil {(Z)-a[(cyanomethoxy)imino]benzeneacetonitrile} and CGA-92194 {a-[( 1,3-dioxolan-2-yl-methoxy)-imino]benzeneacetonitrile}, could protect grain sorghum (Sor ghum bicolor (L.) Moench) from chlorsulfuron damage, but not as effectively as naphthalic anhy dride. Devlin and Zbiec [8] showed that the safener BAS-145138 [1 -dichloroacetyl- (4,6- 
There has been very little study of the effect of safeners on the herbicidal activity of imidazoli nones. Barrett and Olson [9] have shown that grain sorghum can be protected from imazaquin {2-[4,5-dihydro-4-methyl-4-( 1 -m ethylethyl)-5-oxo-1 Himidazol-2-yl]-3-quinolinecarboxylic acid} toxicity by treating seed with CGA-92194. Protection against imazaquim toxicity with corn and sor ghum has been dem onstrated in greenhouse exper iments [9, 10] . In those experiments naphthalic an hydride showed the most promise. 
Materials and Methods
Corn seeds were soaked for 6 h in different con centrations of BAS-145138. The treated seeds were sown in 8 cm styrofoam pots (15 seeds per pot) containing moist vermiculite that had been pre viously treated on the surface with 7.4 ml of herbi cide solution. F or herbicide application a small a t omizer was used at a pressure o f 70 kPa. The bot toms of the pots were punctured several times to allow good drainage and the seeds were covered with untreated moist vermiculite to a depth of about one cm. Petri dish halves were used as hold ers for the pots to catch drainage and as an indirect method of providing water and nutrients. The plants were grown in a growth cham ber under constant conditions of light (152 jiE m~2 s" 1, 16 h light and 8 h dark) and tem perature (22 ± 1). After shoot emergence 30 ml o f 1/2 strength Floagland solution was applied daily to each pot. After 12 days the seedlings were removed from the pots and the roots thoroughly washed. The ten largest seed lings (determined by shoot length) from each pot were selected and their shoot length, root length, fresh weight, and dry weight determined. All ex periments were replicated four times and the data were subjected to analysis of variance.
Results
Over a wide concentration range (0.5 to 1.5 m M ), BAS-145138 had little effect on the growth of corn. A slight decrease in shoot length and fresh weight was observed (Table I) . Thus we can assume that any effect of BAS-145138 on the growth of corn when used in combination with the herbicides tested in this study is due almost solely to its properties as a safener.
A. Sulfonylureas
Measurements of shoot length, fresh weight, and dry weight of corn treated with thiam eturon and BAS-145138 all indicated the safening influ ence of BAS-145138. Shoot length of corn treated with 50, 100, and 200 (im thiam eturon was inhibit ed 26, 42, and 54%, respectively. When treated ad ditionally with 1.5 m M BAS-145138 these inhibi tions were reduced to 21, 20, and 24% (Table II) . The safening effect was also observed when shoot fresh weight and dry weight were measured. F or example, shoot dry weight of corn treated with 50, 100, and 200 |im thiam eturon was reduced 7, 20, and 36%, respectively. However, no reduction in shoot dry weight occurred when the corn was also treated with 1.5 m M BAS-145138 (Table II) .
R oot growth o f corn treated with thiam eturon was partially protected by BAS-145138 (Table II) . Corn treated with 50, 100, and 200 |j.m thiam etu ron had root lengths inhibited 44, 55, and 83%, respectively (Table II) . When also treated with 1.5 mM BAS-145138 root length inhibitions at the 17, and 28% (Table III) . Shoot fresh and dry above rates of thiam eturon were only 8, 17, and weight reductions due to CGA-136872 were par 37%, respectively,. R oot fresh weight and dry tially offset by the safener. F or example, the shoot weight recovery was not as pronounced. In fact, at dry weight of corn treated with 400 |im CGA-200 i^m thiam eturon corn roots were not protected 136872 was reduced 34%, but when treated addi against loss of dry weight by BAS-145138 tionally with 1.5 mM BAS-145138 the dry weight (Table II) .
actually exceeded that o f the untreated control. Shoot length of corn treated with 100, 200, and Partial protection of root growth from CGA-400 |im CGA-136872 was inhibited 27, 43, and 136872 by BAS-145138 was also observed 59%, respectively. With the addition of 1.5 mM (Table III) . BAS-145138 these inhibitions were reduced to 17, 
B. Imidazolinones
The safening effect of BAS-145138 on imidazolinones was similar to that on sulfonylureas. Imazapyr at 5, 10, and 20 (im caused reductions in corn shoot length of 20, 36, and 63% , respectively (Ta ble IV). However, when 1 m M BAS-145138 was also applied percent inhibitions of shoot length were reduced to 5, 11, and 33%. A similar safening effect was observed when shoot fresh and dry weights were measured and when root growth was studied (Table IV) .
Corn seed treated with BAS-145138 was pro tected to a large extent from the herbicidal effects of imazaquin. Application of 2, 5, and 10 |i m imazaquin reduced shoot length 19, 56, and 81%, re spectively. But when 1 m M BAS-145138 was added these inhibitions were reduced to 0, 6, and 26% (Table V) . Shoot fresh and dry weight measure ments also gave evidence of the strong safening ef fect of BAS-145138 on imazaquin. For example, shoot fresh weight of corn treated with 2, 5, and 10 |xm imazaquin was reduced 20, 51, and 77%, re spectively. With the addition of 1 m M BAS-145138 the inhibitions were reduced to 0, 3, and 14%. Shoot dry weight measurements as well as root growth studies produced similar results (Table V) .
Protection of corn from imazethapyr toxicity was dem onstrated. However, the degree of protec tion was less than that found in studies with imazapyr and imazaquin. Shoot length o f plants treated with 10, 20, and 30 (iM imazethapyr was inhibited 9, 31, and 63% , respectively. The addition of 1 mM BAS-145138 reduced the inhibitions to 2, 4, and 14% (Table VI) . Shoot fresh and dry weight meas urements and root growth studies all indicated that BAS-145138 could parially protect corn from the herbicidal effects o f imazethapyr.
Discussion
Although a great deal is known about the phys iological activity o f most safeners, their mode of action has not been completely elucidated. This is especially true for the effect of safeners on the ac tivity o f sulfonylurea and imidazolinone herbi cides in protected plants.
Studies by a number of investigators have shown that the herbicidal activity o f sulfonylureas and im idazolinones can be reduced by safeners [3, 5, 7 -9 , 11, 12] . Both o f these herbicide classes in hibit the activity o f ALS, the first common enzyme in the biosynthetic pathway o f the essential amino acids valine, leucine, and isoleucine [13] [14] [15] . Komives and D utka [16] showed that there was a sig nificant increase in ALS activity in the roots and shoots of corn treated with dichlormid (2,2-dichloro-N,N-di-2-propenyl-acetamide). Rubin and Casida [12] suggested that the increase in ALS activi ty was sufficient to partially counter the herbicidal effect o f chlorsulfuron. However, other studies by Sweetser [7] on the metabolism of sulfonylureas and by Barrett and Olson [9] on imidazolinones in dicate that safeners protect corn from these herbi cides by enhancing their metabolism.
Ezra et al. [17, 18] found that BAS-145138 raised the level of glutathione-S-transferase activi ty in corn and in so doing increased the m etabo lism of chloroacetamide and thiocarbam ate herbi cides when they are applied to corn. Fuerst et al. [19] have shown that BAS-145138 increases corn shoot and root tolerance to m etazachlor [N-(2,6-dimethylphenyl)-N-( 1 -pyrazolyl-methyl)-chloroacetamide], a chloroacetanilide herbicide. In addi tion, they also showed that BAS-145138 enhanced the activity of glutathione-S-transferase in corn shoot extracts assayed using m etolachlor and glu tathione as substrates. The work o f Ezra et al. [17, 18] and Fuerst et al. [19] suggests that the safener activity of BAS-145138 is similar to that of other safeners such as dichlormid.
Although the work o f the above mentioned in vestigators indicates that BAS-145138 protects corn from the phytotoxic influence o f chloroacet amide and thiocarbam ate herbicides through en hanced metabolism o f the herbicides, it does not indicate how the safener protects corn against sul fonylureas and imidazolinones. At the present time the strongest evidence supports the general observation that BAS-145138, when applied to corn, enhances the m etabolism o f sulfonylurea and imidazolinone herbicides [7, 9] .
Inform ation from this study and the studies of other [7 -9 , 17, 18] suggests that BAS-145138 could serve to protect corn from the phytotoxic effects o f residual am ounts o f sulfonylurea and imidazolinone herbicides found in fields where wheat/corn or soybean/corn rotations take place. 
